INTRODUCTION
Flexible manipulators are promising devices that can be used in many areas. In agriculture, to harvest apples, these devices are able to pick apples with the necessary precision and accuracy [1] [2] [3] . For this purpose, it was suggested to use equipmentfor collecting apples using fl exible manipulators (fi g. 1) [4] . The technological process of collecting apples is carried out as follows. Initially, with the help of a tractor, the equipment for collection is placed near the apple tree being processed 3. With the position controller 2, the fl exible manipulator 4 is installed near the serviced branch. Then the manipulator is installed along the branch, so that the elements repeat all the turns and bends of the branch. The process of harvesting apples is based on the movement of the combing device 6 along the body of the manipulator. In this case, the combing device picks apples growing on a branch. After that the apples fall into the hose 7 and move to the container 1. After the apple tree is serviced, the installation moves to the next one and repeats the collection process. At the present time, various designs of fl exible manipulators have been developed. But their successful application in the process of harvesting apples is limited by signifi cant drawbacks associated with the possibility of using them only at lowloads. It is also worth noting that the existing fl exible manipulatorsneed more complex control in comparison with the ones used other types of joints. Thus nowadays the use of fl ex manipulators is problematic, and therefore it is necessary to fi nd a design without the above disadvantages. In [5, 6, 7, 8] , a description of various variants of the structures of fl exible manipulators for collection of fruitswere given. On the basis of experimental data, it is determined that the use of such facilities is promising. But to further develop systems based on fl exible joints, it is needed to create designs capable to position the manipulator arms with high accuracy. The existing manipulators with fl exible joints show less accurate positioning results [9] [10] [11] [12] [13] [14] [15] [16] .
To increase the strength of the fl exible manipulator structure, it is proposed to use rigid couplings on the hinge elements as joints between the manipulator links, as well as a rigid axial jointing with cardan mechanisms. (fi g. 2).
The use of a fl exible manipulator when collecting apples allows picking fruits without harm to the trees. But for further introduction, it is necessary to eliminate a number of drawbacks in the fl exible manipulators associated with the insuffi cient strength of the structure and the diffi culty of working in industrial orchards. In order to verify the results of determining the position of a fl exible manipulator, we determined the coordinates of its end part. To verify the data of the physical and computer models, as well as the matrix of the operating device position, we compared the coordinates for given tilt angles of the fl exible manipulator sections.
To verify the validity of the data obtained during the simulation of the process of setting the gripper to the required position, the following research program was determined:
• Development of research methods;
• Experimental studyfor the accuracy of the position of the operating device in laboratory conditions; • Analysis of the experimental results.
MATERIALS AND METHODS
A study of the positioning accuracy of the end part of a fl exible manipulator was carried out on the basis of a comparison of the experimental data of two models. One of the models was the result of computer programming, a detailed description of which is given in the paper [9] . Another one was the result of physical modelling, a detailed description of whichis given in the work [10] (fi g. 3). The obtained models allow displaying the process of motion of all links of the manipulator when the operating device moves from the initial position to the required one. The main task of the study was to determine the accuracy of model positioning. During the experiment, the computer model was set to a free position and the tilt angles of each section were registered. In accordance with the chosen range of tilt angles (table 1, fi g. 4), the simulation of the process of setting the physical model of the manipulator at the indicated angles was carried out. [19] .
RESULTS AND DISCUSSION
During the experiment, position values were obtained for the end part of the manipulator models which are shown in table 2. Basing of the results weobtained a graph, which is shown in fi g. 5 and refl ects the results of positioning of the physical and computer models.
Test No
Values obtained during experiment In accordance with the results, a comparison between the data obtained on different models of the manipulator was made. The graph is shown in fi g. 6. By comparison, the error did not exceed 5% that allows us to conclude that the constructed physical model fully refl ects the property of a fl exible manipulator consisting in the possibility of the accurate positioning.
DISCUSSION
The purpose of this paperis to study the positioning accuracy of models of a fl exible manipulator.
Along with the fact that as a result of the experiment it was determined that the models that were used to study the manipulator's kinematics were reliable, according to the obtained dependencies (fi g. 5), it can be established that the greatest spread of data during the setting of the physical model of the manipulator in the required position occurs along the X axis. Based on the analysis of the design, it was determined that this regularity wasinfl uenced by cardan joints, which had a free travel. Thus, it can be concluded that it is recommended to avoid this kind of jointing between links, or to choose cardan mechanisms with reduced free travel. 
